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A SYSTEM TO MEASURE INSTANTANEOUS 
COMPRESSOR CRANKSHAFT SPEED 
Robert R. McConnell, Graduate Research Assistant, School of Mech. Engr. Automatic Control Center, Purdue University, Lafayette, Indiana 
Raymond Cohen, Professor of Mech. Engr., Director, Ray W. Herrick Laboratories, Purdue University, Lafayette, Indiana 
INTRODUCTION 
There are many commerically available 
measurement units capable of measuring the 
average speed of a rotating shaft, but none appear able to measure the speed fluctu-
ations during one revolution. In develop-
ing an instantaneous speed measurement 
system several methods were considered such 
as photographing a scribe mark on the 
shaft, recording the output of a tachom-
eter-generator, measuring the time between 
pulses caused by sensing the teeth of a 
counter gear, and converting the digital 
signal from a counter gear into an analog 
signal. The last method, proposed by 
Professor Peter Stein [1], was employed. 
The measurement system consisted of a two-hundred tooth counter gear rigidly mounted 
to the crankshaft, a transducer to sense 
the gear teeth, a pulse shaper, and a two-stage low-pass RC filter as shown in 
Figure 1. A variable reluctance type of 
proximity transducer manufactured by the 
Bentley Nevada Corporation was used to 
sense the gear teeth. All the other 









Perhaps the best way to explain how the 
system works is to follow a signal as it 
goes through the system. Each time a gear 
tooth passed the transducer sensing head 
it produced an electrical pulse. This 
pulse from the transducer triggered a mono-stable multivibrator in the pulse shaper 
giving a constant-width, constant-height 
pulse as an output. The low-pass filter 
acted as a digital-to-analog converter by 
averaging the pulses and giving a voltage 
level proportional to the frequency of the 
pulses. The voltage output from the filter 
was displayed on an oscilloscope and 
photographed. 
SPEED MEASUREMENT SYSTEM DESIGN 
The design of the speed measurement system was based on the work of Rowe [2). This 
system differs from Rowe's in that it has 
a much smaller counter gear and transducer, a specially designed pulse shaper, and a 
different low-pass filter. 
The counter gear and transducer were 
designed as a unit. The design criteria 
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Figure 1. Schematic of the Shaft Speed Measurement System 
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were: 
1. The gear was to have as many teeth as 
possible to resolve each crank rotation 
into many parts. For example, a three 
hundred and sixty tooth gear would induce a 
pulse every degree of angular rotation. 
2. The output from the transducer was to 
be large enough to trigger the pulse shaper. 
The diameter of the gear was determined by 
space limitations in the compressor. The 
diameter of the gear limited the number of 
teeth that could be put on the gear. A 
two-hundred tooth counter gear was cut from 
a four inch diameter, 0.060 inch thick 
aluminum disk. 
A transducer was picked that gave an ade-
quate output when used with this gear. The 
transducer sensing head had to be small 
enough to sense each separate tooth. Thus, 
the Bentley detector with the smallest 
sensing heat (0.125 inch diameter) was 
chosen. It may be possible to utilize a 
larger diameter transducer if it is able to 
produce a change in voltage output as a new 
tooth starts over the transducer. In that 
case, a differentiating circuit can be 
designed to amplify the change in voltage 
adequately to trigger the pulse shaper. 
The electronics used is shown in Figure 2. 
The power supply portion shown on the top 
of the figure provides the biasing voltage 
for the preamplifier to the pulse shaper. 
The heart of the preamplifier is the 
2N4264 transistor. The pulse shaper is 
designated as MC851P and is commercially 
available. The circuit design controls the 
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voltage magnitude and the width of the 
pulse. In this case they were 4.2 volts 
and 27 microseconds. The rest of the 
circuit consists of a two stage RC filter 
with output biasing control. This filter 
provides the digital-to-analog conversion. 
The digital-to-analog conversion can be 
demonstrated by considering the response 
of a single-stage low-pass filter to a 
constant-width, constant-height pulse 
train. From a circuit analysis of Figure 3 
it can be shown that the steady state 
voltage is 
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where T = RC. 
If T >> T1 
and T >> T2 
where K1 
Thus, for a single-stage filter, the 
voltage across the capacitor is directly 
proportional to the pulse frequency and 
thus speed. 
The two-stage low-pass filter used was 
designed with equations given by Bolleter 
[3,4]. There were three design criteria: 
1. Because of the choice of design 
equations the break frequencies could not 
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Figure 3. A Single-Stage Low-Pass Filter 
Forced by a Pulse Train. 
2. The filter should pass as many harmon-
ics of the fundamental signal as possible. 
3. The .filter should attenuate the carrier 
signal so that the ripple is as small as 
possible. 
The filter designed passed approximately 
80% of the fifth harmonic (300 Hz) and less 
than 0.1% of the carrier signal (12KHz). 
Users are cautioned that this system gives 
a signal which lags the actual phenomena. 
This filter over the range of interest has 
a lag time in the neighborhood of 500 
microseconds. In addition there is some 
uncertainty (which could be checked 
experimentally) about lag time in the 
transducer and the trigger circuit in the 
pulse shaper. Since this lag cannot be 
greater than the tooth passage time, for a 
200 tooth gear, the maximum lag for this 
phenomena would be of the order of 100 
microseconds. 
A similar measurement system has been 
developed independently by Stannow and 
Strandtoft at Danfoss A/S [5,6]. They 
used a three stage RLC low-pass filter and 
noted the following points: 
1. The unavoidable time lag in the filter 
must properly be taken into account 
(especially if speed measurements are 
correlated with pressure and valve dis-
placement measurements). 
2. The low-pass filter should be of the 
flat time lag type. 
3. The time lag depends on the input 
impedance of the attached oscilloscope. 
EXPERIMENTAL RESULTS 
One major technical difficulty had to be 
overcome before meaningful experimental 
results could be obtained. Due to 
variations in tooth width the pulse from 
the distance detector would not always be 
large enough to trigger the pulse shaper, 
and the output of the system would 
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indicate a fictitious drop in speed. The 
variation of the amplitude of the detector 
output was due to the eccentricity of the 
counter gear. The problem was solved by 
rotating the gear 90° on the crankshaft so 
that the defective tooth would be closer to 
the sensor upon passing it. 
A speed and pressure trace for one cycle of 
operation is shown in Figure 4. The ripple 
in the speed curve caused by the digital-
to-analog conversion is indicated by A. 
The ripple due to tooth width variation is 






~ Jt.··~"'l,;,.~·' . ':"":Ta ./-(1' ,, •I ~ 
.~~ 




Cylinder Pressure and Crankshaft 
Speed Measurements, One cycle of 
operation. 
By looking at several cycles of compressor 
operation a very interesting phenomenon was 
observed. As shown in Figure 5 the speed 
signal exhibited an amplitude beating 
phenomenon. Since the beat frequency of 
5.78 Hz indicated that a signal with a 
frequency of approximately 60 Hz may have 
been beating with the speed signal, a test 
was performed to determine the magnitude 
of the 60 Hz noise in the system. The 
Bentley transducer was moved away from the 
counter gear so that it would not sense 
the teeth but would still sense any stray 
field noise. The ratio of the speed 
variation signal shown in Figure 5 to the 
resulting 60 Hz noise was 100 to 1. Thus 
the beating phenomenon could not be caused 
by a stray 60 Hz field. 
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Figure 5. Cylinder Pressure and Crankshaft 
Speed, 29 Cycles of Operation. 
A similar beating phenomenon was observed 
by Jensen [7] in compressor current 
measurements. He attributed the beating 
to the response of an asynchronous motor 
to a varying load. Stannow [S] also 
indicated that the beating was caused by 
a asynchronous motor working with a 
pulsating field. 
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